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METHOD FOR SEMICONDUCTOR PROCES SI NG USING 
MIXTURES OF HF AND CARBOXYLIC ACID 

Objects of the present invention 

The present invention is related to improvements 
in semiconductor processing using HF formulated mixtures. The 
15 invention is more specifically related to methods making use 
of these mixtures in gas phase etching techniques of oxide 
layers, especially etching SiO^ layers and in the so-called 
last step in the cleaning process. 

State of the art and backaroxind of the invention 

20 In the semiconductor processing, liquid HF mixtures 

are often used for etching thick SiO^ layers or for etching 
chemical or native oxide layers. 

For etching thick Si02 layers, usually buffered HF 
is used, which is a mixture of NH^F and HF, in the liquid 
25 phase, generally as a solution in water. 

Moreover, as a last step in the cleaning process, 
usually a diluted HF step is used. 

Etching of bare s ilicon wafers in HF solucion 
and/or a final etch in HF solution generally xn combinacion 
3 0 with the RCA-process have been the object of manv 
experimentation and publications. 

The RCA-cleaning process for bare or oxidized 
silicon wafers is based on a two-step oxidizing and 
complexing treatment with hydrogen peroxide solutions: an 
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"KF-lasr cleaning" result: in a Si-surface free cf 
silicon cxide and passivated wi^h hydrcgen . However , tihe 
executxcn of this process wi^h liquid HF mixtures is very 
susceptible to contamination, 
5 The etch bath, chemicals, rinsing water and air 

ambient need to be very clean to achieve good results. 
Otherwise; severe contamination of the wafers with particles, 
metals and organic material can occur during the etching 
rinsing or drying process. "HF-last" processing with liquid 

10 mixtures before gate oxidation is, therefore, still a point 
of controversy. 

As an alternative, the etching can be performed 
with HF mixtures in the vapour phase to prevent 
recontamination from the liquid and during rinsing and drying 

15 of the wafers. By etching in the gas phase, recontamination 
from the liquid is omitted and the high susceptibility of the 
wafer for contamination during the drying stage is avoided. 
Furthermore, in the gas phase the etching of small features 
is facilitated while surface tension effects hamper this in 

20 the liquid phase. 

Traditionally, the HF vapour etching is performed 
with a mixture of HF and H^O vapours. This is described in 
US-A-4 , 749 , 440 of FSI for processes performed at near 
atmospheric pressures in a mode where the process gases are 

25 continuous flowing, the so-called dynamic mode. Because of 
controllability problems with this process, the process was 
improved by performing it at substantially reduced pressures 
(600 Pa-2000 Pa) and applying a different procedure, the so- 
called static mode (see also US-A-5 , 167 , 761) . Despite of 

30 these improvements, the controllability of the process is 
still problematic . 

As an alternative, a method for etching silicon 
cxide by feeding anhydrous HF and alcohol vapour 
simultaneously into a reaction chamber is described in US-A- 

35 5,022,961. However, this process suffers from the same 
limitations as the HF/water vapour process. 
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Aims of the present invention 

The main aims of the present invention are to 
provide HF formulated mixtures operating in the gas phase 
which are more reliable than previous mixtures and which have 
5 an etching behavior which is very reproducible, which achieve 
good electrical results with respect to the oxides grown on 
oxide stripped silicon surfaces and which provide a 
reproducible and uniform process for etching of thick oxide 
layers . 

10 Other objects and advantages of the present inven- 

tion will appear to those skilled in the art from the 
detailed description of the invention to follow. 
Main characteristic features of the invention 

In order to achieve the intended aim,s ,- espec 1-=^ I ly 

15 for semiconductor processing, the present invention proposes 
the use in the gaseous phase of mixtures of hydrogen fluoride 
and one or more carboxylic acids, possibly in admixture with 
water vapor, gases such as Ar, Ng, HCl or organic 

solvents such as alcohols, ketones, aldehides and esters. 

20 The carboxylic acid which is used is generally 

acetic acid (HAc) . However, other carboxylic acids having one 
or more carboxylic functional groups (-COOH) may be used. 

The pressures of HF and carboxylic acid in the gas 
phase may vary between 1 Pa and 10^ Pa . The specific partial 

2 5 pressures of respectively the HF vapour and the carboxylic 
acid vapour are 300 Pa and 600 Pa in etching techniq^aes of 
Si02 and last step cleaning operations. Water can be added to 
enhance the etch rate or influence the selectivity of the 
etch rate for different cypes of oxides. When water vapour 

30 is present, the partial pressure of water may vary between 
1 Pa and 10^ Pa. 

Brief description of the drawinQS 

In order to illustrate the state of the art and the 
advantages of the present: invention, the following 
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In tihese drawings : 

- Figure 1 is a diagram of che etch depth as a function 

of the etching time in HF/H^O vapours. 

- Figure 2 is a liquid/vapour phase diagram of HAc/H^C 
5 mixtures. 

- Figure 3 is a diagram of the etch depth as a function 

of the etching time in HF/HAc vapours. 

- Figure 4 is the interpretation of empirical model 

graphs . 

10 Detailed description of cLa embodiment of the state of the art 

Traditionally, the HF vapour etching is performed 
with a mixture of HF and E^O vapours. 

KF vapour can be generated by feeding a carrier gas 
like N2 through a container with a mixture of liquid HF/HjO. 
15 Alternatively, a bottle with anhydrous HF can be used as the 
source for HF vapour. In the latter case, it is found that 
anhydrous HF alone hardly etches Si02 at room temperature. 
The presence of H2O is therefore preferred to initiate the 
reaction according to the overall equation: 

20 

{H2O) 

Si02 + 4HF ~* SiF^ + 2H2O 

The process can be performed in the static mode and 
in the dynamic mode. 

In the static mode, the reactor is filled with a 
25 process gas up to a certain pressure and then the reactor is 
isolated for some time. Subsequently, the reactor is 
evacuated and the etch cycle can be repeated for a number of 
times. In the dynamic mode, a continuous flow of process gas 
is fed into the reactor which is maintained at a constant 
3 0 pressure . 

However, it is generally recognized that it is 
difficult to control the etching reaction of Si02 with 
gaseous HF/water mixtures and to apply the etching process 
with good repeatability. The reproducibility can be seen from 
35 etching experiments as a function of time. If the 
reproducibility is good, then all experiments should follow 
a smooth evolution with time. In figure 1, the etch depth in 
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A is shown as a function of etching time in a mixture of HF 
and vapour for one static etch cycle. It is clear from 

this figure that the reproducibility is poor since the 
etching processes do not follow a smooth time evolution. 
5 Furthermore, the process is inflicted with an 

incubation time: under the chosen conditions, the first 10 
minutes very limited etching occurs, see figure 1. The 
incubation time is found to depend on the pretreatment of the 
wafers. An RCA-cleaning just prior to the HF vapour etching 

10 reduces the inhibition time. This is related to the 
concentration of adsorbed H^O molecules on the oxide surface. 

The onset of the etching process critically depends 
on the amount of molecules adsorbed on the silicon oxide 
surface. Water adsorption on the silicon oxide surface in its 

15 turn is dependent on the number of OH centers already present 
on the surface and in this way is dependent on the quality 
of the oxide . 

Uniform etching is another important criterion that 
determines the usefulness of the process. The uniformity 

20 within the wafer and from wafer to wafer for a process using 
a batch of 6 wafers is represented in table 1. In column 5 
of said table 1 the standard deviation within the wafer is 
shown. As can be seen from these values, - the standard 
deviation within the wafer is not very good (32%) . Also there 

25 is quite a standard deviation from the wafer to wafer on the 
mean etch depth. In the presented case it is 27%. All these 
values show that the vapour HF/H^O mixture does etch the SiO 
but has not a good performance regarding reproducibility, 
within wafer uniformity and wafer to wafer uniformity. 
Detail ed description of the preferred embodiments of the 
invention 

The present invention is based on the consideration 
that the good reproducibility of the etching operation may 
be obtained by use in the gas phase of the new mixtures of 
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Although H^O can fulfil this role, the adsoirption of H^O on 
the silicon oxide surface is dependent on the nuoiber of OH 
centres already present and in this way on the quality of the 
oxide. The adsorption of organic molecules shows a strongly 
5 reduced sensitivity for the amount of OK groups on the 
surface. Furthermore, the maximum density of adsorbed 
molecules strongly depends on the type of molecule. In table 
2, the surface area occupied per adsorbed molecule is given 
for a number of different molecules. Obviously, acetic acid 

10 occupies the smallest surface area. 

Among the various carboxylic acids, acetic acid is 
a good choice regarding melting point (17*C), boiling point 
(118 *C) and the shape of the carboxylic acid/H20 
liquid/vapour phase diagram. However, other carboxylic acids 

15 having similar properties might be equally good or better 
choices . 

The reaction involves the formation of SiF^ and H2O 
which are both gases at the used pressures : 

20 (HAc) 

Si02 HF > SiF^ + 2H2O 



25 



The acetic acid only serves as catalyst , 



The etching of SiO^ by HF generates water on the 
wafer surface. This water is, together with the acetic acid 
and the HF, assumed to be present in the form of a thin 
liquid film on the surface of the wafer and must be 

30 transported away from the wafer surface by evaporation. In 
this respect the acetic acid/H^O phase diagram for 
liquid/vapour eq^ailibria is determining. This phase diagram 
is shown in figure 2. As shown in the figure, the vapour and 
liquid curves are close together. This means that the 

3 5 composition of the vapour leaving the surface is close to the 
composition of the liquid on the surface. The shape of the 
curve implies that the vapour is even somewhat more water 
rich than the liquid. Consequently, the water generated on 
the surface can easily be transported away. For other organic 



wo 94 27315 



PCT/EP94 01534 



liLq-aids Ixke alcohols, acerone, the liquid and vapour curves 
are far apart resulting in a large difference between 
corr.position of the liquid and the vapour. Furthermore, for 
the mentioned materials the shape of the cur^^-es is such that 
5 the vapour is substantially less water rich than the liquid. 
Kence the water is not easily removed from the surface , 
giving rise to a strong increase in surface water 
concentration in the course of the etching process. This 
results in a fundamental controllability problem of the 

IQ etching process which is not present with carboxylic acids 
and especially acetic acid. 

Figure 3 illustrates as an example the etching 
behaviour of a mixture in accordance with the invention. The 
etch depth as a function of time is shown when SiO, is etch.ed 

15 in an HF/acetic acid gas phase mixture. As can be seen, the 
reproducibility is very good since the time evolution is very 
smooth. It must be noted that the processes which were run 
to generate this graph were run over different days and still 
the measured etch depths fall on a smooth curve showing the 

20 high degree of reproducibility. 

Acetic acid appears to have a similar catalytic 
effect on the HF etch process as because substantial etch 

rates are achieved. For the static etch mode, a perfectly 
proportional relation between etch time and etch depth is 

25 found until for large times the curve flattens out because 
of depletion effects. No incubation time can be observed. 

In table 3, the etching uniformity of this process 
is exam.ined m the sam.e way as the HF/H^O vapour mixture. 
Good uniform.ity within the wafer (average standard deviation 

30 6.05%) and good uniformity from wafer to wafer (standard 
deviation 3.5%) is achieved. 

This shows that the process HF vapour/carboxylic 
acid yield much m.ore uniform and reproducible etching than 
z he H F / H^O' process . 
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substantial. The acetic acid partial pressure provides a 
ryi.eans to reduce the variation in etch depth over the wafer 
and over the batch and improves the controllability of the 
process . 

5 These results relate to the etching of silicon 

oxide formed by the thermal oxidation of silicon in dry 
oxygen or in water vapor. For silicon oxide films formed by 
chemical vapor deposition the etch rate is typically higher. 
In table 5 the etch rate selectivity which is the ratio of 

10 the etch rate of silicon oxide formed by thermal 
decom^pos it ion of Tetra Ethyl Ortho Silicate (TEOS) and the 
etch rate of silicon oxide formed by thermal oxidation of 
silicon is given for two process : 
1) a liquid mixture of 0,5 vol % HF in H2O, 

15 2 ) -a vapor mixture of HF and acetic acid according to the 
present invention . 

Densif icat ion of the TEOS oxide after deposition 
substantially reduces the etch rate but the etch rate still 
remains higher than that of thermal oxide. In general it is 

20 to be preferred that the selectivity is close to 1 to allow 
a controlled removal of different types of oxides that can 
simultaneously be present. The performance of the HF/acetic 
acid mixture is in this respect approximately equivalent to 
the liquid mixture. 

25 Tests for particle contamination showed in the 

KF/acetic acid vapour etch process an average increase of 46 
light point defects (0.12 ^m Latex Sphere Equivalent) per 125 
mm wafer, which is very low. 

The invention will be further elucidated referring 

30 to the following example. 
Example 

The method according to the subject invention was 
realized in a reaction chamber equipped with three inlets: 
35 one for anhydrous HF, one for acetic acid and one for a dry 
purge. The gas lines for HF and acetic acid are heated to 
approximately 50 'C. A metal bottle with anhydrous HF at room, 
temperature is used as source for the HF vapour. Acetic acid 



wo 94/27315 ^ PCT/EP94/01534 

9 

is supplied from a quar::z bottle which is maintained at 45 'C. 
The flows of the vapours are controlled by Mass Flow 
Controllers. The inlet lines were combined at a distance of 
about 50 cm above the reactor. The reactor and associated 
5 equipment according to the invention was made from materials 
chemically resistant to the reactive KF/carboxylic acid/water 
mixtures. The reactor and some other parts were made of 
stainless steel and coated with Halar® . The wafer boat and 
the part of the gas lines that is exposed to the vapour 

10 mixtures were made of Monel . The gas lines that are exposed 
to only one of ■ the individual vapours is made of 
electropolished stainless steel. A proper choice is of great 
importance as the entire purpose of the etch is defeated if 
the removal of the native oxide would lead to an excF^.q^ive 

15 generation of particles from either the reactor walls, the 
wafer support structure, the gas feed lines, etc. 

The reactor is loaded with a batch comprising 4-25 
silicon wafers, being kept at ambient temperature. 
Subsequently, the reactor chamber loaded with wafers is 

2 0 evacuated. After evacuation, the valve to the pump is closed. 
After this the inlet of HAc vapour is opened and HAc vapour 
is injected into the reactor up to a pressure of 600 Pa. Then 
the HAc inlet is closed. After this, the HF inlet is opened, 
HF vapour is injected into the reactor up to a total pressure 

25 of 900 Pa (partial HF pressure is 300 Pa) and the HF inlet 
is closed. The wafers are subsequently kept isolated in the 
system for some time, in this case 200 seconds. After said 
time interval has elapsed, the pump valve is opened and the 
process gases are pumped away. Then the reactor is purcred 

30 with dry to atmospheric pressure. 



The results of this procedure were already 
presented in table 3 . 

Although the invention is described referrina to 
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Ta±)le 1 

Etching results in Hr/K-,0 vapour 



Wafer 


Minimal etch 
depth (A) 


Maximal etch 
depth (A) 


Mean etch 
depth (A) 


Standard 
deviation 




38 


150 


85 


38 


2 


26 


106 


50 


32 


3 


38 


104 


61 


26 


4 


38 


113 


65 


26 


5 


18 


97 


43 


37 


6 


22 


89 


45 


34 
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Table 2 

Surface area occupied by different molecules adsorbed on 

silicon dioxide 



Molecule 


Formula 


Surface 
are a /molecule 






(A**2) 


Acetic Acid 


CH3COOH 


9 . 1 


Water 




12 . 5 


Nitrogen 




16 . 4 


Methanol 


CH3OK 


18 , 0 


Ethanol 


C2H5OH 


18 . 0 


n- Propanol 


CjH^OH 


21.3 


Hexene 


^6^6 


55 . 0 
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Table 3 



Etching results in HF/HAc vapour 



Wa r e r 


Minimal etch 
depnh (A) 


Maximal etch 
depth (A) 


Mean etch 
depth (A) 


Standard 
deviation 




71 


97 


84 


5 . 8 


2 


75 


100 


89 


7 . 7 


3 


72 


97 


86 


6.2 


4 


71 


91 


82 


4 .6 



Table 4 

10 Experimental matrix to investigate the HAc/HF parameter space 





p 

^HAc 


Etch 
depth 


P-P 
deviation 


w- w 

deviation 


contact 
angle 


Pa 


Pa 


A 


% 






200 


200 


83 .5 


15 , 9 


2 . 4 


59 . 8 


400 


200 


200 . 5 


13 .4 


7.6 


62 . 0 


200 


800 


181. 6 


7 . 7 


4 . 9 


61 . 1 


400 


800 


395.3 


6 . 7 


1 . 6 


62 . 9 


300 


500 


216 . 1 


11 . 6 


1 . 7 


58 . 1 


300 


200 


155 . 9 


14 . 5 


4 . 4 


58 . 9 


200 


500 


148 . 1 


12 . 6 


1 . 4 


58 . 8 


300 


800 


288 . 7 


10 . 2 


2 . 6 


62 . 8 


400 


500 


299 . 7 


12 . 1 


2 . 9 


62 . 5 



15 



20 



Table 5 

Etch rate selectivity for TEOS oxide/thermal oxide 



Mixture 


As -depcsired 


Half densified 


Dens i f led 


liquid , 

0 . 5 vol% HF m H20 


8 . 5 


5 - 0 


1 . 4 


vapor , 

300 Pa HF, 600 Pa HAc 


12 . 0 


4 . 1 


1.4 


As-deposited TEOS 
oxide 


725 ^C, low pressure 




Half densified TEOS 
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CLAIMS 

1. Method for semiconductor processing comprising 
etching of oxide layers, especially etching thick SiO^ layers 
and/or last step in the cleaning process wherein the oxide 

5 layers are etched in the gas phase with a mixture of hydrogen 
fluoride and one or more carboxylic acids. 

2 . Method according to claim 1 wherein the 
carboxylic acid is acetic acid. 

3 . Method according to any one of the claims 1 or 
10 2 wherein the oxide layers are treated in admixture with 

water . 

4. Method according to any one of the claims 1-3 
wherein the partial pressures of HF and the carboxylic acid 
are comprised between 1 Pa and 10"* Pa, 

15 5. Method according to any one of the claims 1-5 

wherein water is added with a partial pressure comprised 
between 1 Pa and 10^ Pa. 

6. Method according to any one of the claims 1-4 
wherein the partial pressures of HF and the carboxylic acid 

20 are comprised between 100 Pa and 1000 Pa. 

7. Method according to any one of the claims 1-5 
wherein the partial vapour pressure of HF is 300 Pa and the 
partial vapour pressure of carboxylic acid is 600 Pa for both 
the etching of thick SiO^ layers and as a last step in the 

25 cleaning process, 

8. Method according to any one of the claims 1-7 
wherein the etching is performed in the static mode. 

9. Method according to any one of the claims 1-7 
wherein the etching is performed in the dynamic mode. 

30 10. Method according to any one of the claims 1-9 

wherein the etching is performed at a temperature between 0*C 
and 4 0 0 ' C . 

11. Method according to any one of the claims 1-10 
wherein the etching is performed at room temperature. 
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P-X-Y-diagram (H0Ac-H20) for 20°C 



-3- 



Liquid 
Vapor 



240C 



2200- 



2ooor 



I800r 



LIQUID 



VAPOR 



1600^ 



I400L 



0.0 O.I 0.2 0.3 0.4 0.5 0.6 0,:" n.A 0.^ 1.0 



wo 94/27315 



PCTAEP94/01534 




200 



time(min) 

Fig. 3 Time evolution of etch depth for a HF/Acetic add vapor mixture 
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20 
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standard deviation 
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